When people are shown a moving object that suddenly disappears and are instructed to locate its vanishing position, systematic errors in the direction of motion and in the direction of gravity are usually observed. Entitled, respectively, Representational Momentum (RepMo) and Representational Gravity, these phenomena seem to be influenced by low-level perceptual mechanisms and high-level cognitive aspects alike. Although being widely acknowledged that schizophrenic patients reveal several deficits in the perception and processing of motion, no study to date has explored these behavioral spatial mislocalizations of smoothly moving targets. The present study reports two experiments intending to fill this gap. The outcomes systematically disclosed a null effect of target's velocity for schizophrenic patients, a well established determinant of RepMo's magnitude with nonpsychiatric populations. No other variables (implied mass and motion direction) revealed this dissociation between the groups. The results are discussed within the distinction of kinematic and dynamic variables, with schizophrenic patients revealing a deficit in the processing of the former, and a link with dysfunctional smooth pursuit eye movements is suggested.
Ever since the seminal finding of eye-tracking dysfunctions in schizophrenia (Holzman, Proctor & Hughes, 1973) , the study of motion perception in this population has been a major focus of research enquiries (see Chen, 2011 for a review). Virtually every stage of motion processing has been under scrutiny, ranging from the perceptual or low-level to the cognitive or high-level. So far, dysfunctions have been reported in velocity discrimination (e.g., Chen, Palafox, Nakamaya, Clementz, McDowell & Dobkins, 2007) , independently of contrast modulation (thus suggesting a later processing of motion signals in schizophrenics, Chen, Levy, Sheremata & Holzman, 2004) , detection of coherent motion (Chen, Levy, Nakayama, Matthysse, Palafox, and Holtzman, 1999; Li, 2002) , spatial integration of motion signals (Chen, Bidwell & Holzman, 2005) , processing of global versus local motion (Slaghuis, Holthouse, Hawkes & Bruno 2007b) , with the latter being deficient in schizophrenia (Chen et al., 2003) , trajectory estimation of moving targets (Hooker & Park, 2000) , tracking of multiple moving objects (Kelemen et al., 2007) , and perception of biological motion (Kim, Doop, Blake & Park, 2005) , just to name a few. Many of these findings have been linked to neurological impairments, particularly in the posterior cortex, in general, and the extrastriate or medial temporal area (MT/V5) in particular (e.g., Chen et al., 2008) . This region shows a selective activation to motion signals and was thus pinpointed as a major structure involved in motion perception (cf. e.g., Albright & Stoner, 1995) . In the case of schizophrenia, area MT shows decreased activation and at the same time an increased activity in the prefrontal area (cf. Chen et al., 2008) . This suggests deficiencies in the sensory system and hyper-activation of cognitive structures.
Despite this state of affairs, and on the one hand, the relationship between motion perception and eye-tracing abnormalities is still a matter of debate (cf. Chen, 2011 ; see also Slaghuis, Hawkes, Holthouse & Bruno 2007a) . On the other hand, the perceptual and cognitive-behavioral aspects of motion processing have been tackled separately. Moreover, cognitive impairments in the perception of motion are frequently debated because of the known generalized deficits in schizophrenia, as these patients show a proneness to perform poorly on several cognitive tasks (Chapman & Chapman, 1978) .
Conspicuously absent from this growing body of literature are the spatial mnesic displacements of moving objects, in general, and Representational Momentum (RepMo; Freyd and Finke, 1984) in particular (but see Jarrett, Phillips, Parker & Senior, 2002) . This absence is particularly noteworthy as these phenomena, measurable with a simple perceptual task, seem to lie at the very intersection of perception and cognition.
(Representational Momentum [RepMo] , M-Displacement), as well as a displacement downward in the direction of gravity (Representational Gravity; O-Displacement) (see Figure 1A ; Hubbard, 2005 , for a review).
Several determinant variables have been reported over the last couple of decades for this phenomenon, revealing its multidimensional character, influenced by both perceptual and cognitive factors. Its cognitive side has been highlighted with results showing, for example, that RepMo emerges for static pictures that suggest motion (Freyd, 1983) , that it is affected by conceptual variables such as the target's identity (Reed & Vinson, 1996) , and that it reflects isomorphic relations with ecologically relevant physical invariants (relation to Naïve Physics) such as friction (Hubbard, 1995) , causality (Hubbard & Ruppel, 2002) , centripetal impetus (Hubbard, 1996) , mass (as implied by stimuli size; De Sá Teixeira, Oliveira and Amorim, 2010), and gravity, both by a displacement orthogonal to the trajectory of horizontally moving targets (ODisplacement; Hubbard, 1997 ; See Figure 1 , panel A) as well as a bigger displacement for downward as compared with upward moving targets (Hubbard, 1990 (Hubbard, , 1995 Figure 1B ).
On the other hand, RepMo has been linked to low-level perceptual factors such as smooth pursuit eye movements and compensation of neural delays within the perception-for-action pathway (e.g., Kerzel & Gegenfurtner, 2003) . Based on the distinction put forward by Runeson and Frykholm (1983) , it has been argued that while kinematic variables (such as velocity, distance [De Sá Teixeira and Oliveira, 2011] , and time [Freyd & Johnson, 1987] ) constitute low-level influences on RepMo, dynamic factors (such as implied mass [De Sá Teixeira, Oliveira and Amorim, 2010 ], object's identity [Reed & Vinson, 1996] , gravity, and friction [Hubbard, 2005] ) recruit internal representations that implicitly (that is, without awareness) influence the mnesic displacements (De Sá Teixeira, Oliveira, & Amorim, 2010) . Accordingly, the phenomenon has been linked to the frontoparietal cortical network based on a MEG scan (time locked at 200ms; Amorim et al., 2000) , thus suggesting a high-level processing. Moreover, using fMRI, Kourtzi and Kanwisher (2000) showed an involvement of the low-level cortical area V5/MT in the emergence of RepMo, a result further supported with TMS method by Senior, Ward, and David (2002) .
The Present Experiments
To the best of our knowledge, the only study to date where RepMo was measured in schizophrenic patients was conducted by Jarrett, Phillips, Parker and Senior (2002) . By presenting static stimuli that implied motion, these authors found a higher displacement compared with healthy controls. However, the lack of a systematic manipulation of the variables known to determine the magnitude of RepMo constrains the scope of this result.
The main objective of the present study is thus to explore how dynamic and kinematic variables determine RepMo in schizophrenic patients. Three scenarios can be anticipated. The first one, given the known deficits in motion processing by schizophrenic patients and endorsed by the study of Jarret et al., would be a reduced influence of all variables on RepMo's magnitude. The outcomes obtained in that same study, however, suggest that a general increased RepMo might be the case. Finally, based on the findings of Chen et al. (2008) a third scenario could be put forward where dynamic and kinematic variables have a differential impact on RepMo's magnitude for this population, with the former showing a decreased effect.
In the following experiment we explored these scenarios by systematically manipulating both kinematic (velocity) and dynamic (implied mass) factors in a RepMo task with smooth motion stimuli.
Experiment 1 Method
Participants. Forty volunteers, with normal or corrected to normal vision, participated in the study. Within the same session, they completed two tasks (horizontal and vertical motion), in a counterbalanced order. The experimental group was composed of 20 right-handed schizophrenic patients (3 females), with mean age of 38.5 years (SD ϭ 8.3; range, 28 -56), mean educational level (duration) of 9.9 years (SD ϭ 3.1; range, 6 -16), and mean duration of illness of 12.2 years (SD ϭ 7.6; range, 2-30). All patients were recruited from the outpatient and inpatient wards of Centro Hospitalar Psiquiátrico de Coimbra, Portugal. All fulfilled the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV; American Psychiatric Association, 2000) criteria for schizophrenia, diagnosed by an experienced clinician, and were receiving the same medication and dosage (typical and/or atypical antipsychotics) for a minimum of 4 weeks before the experiment. Patient's files were reviewed to rule out past substance dependence, and all subjects denied substance abuse throughout the month preceding the experiment. Neurologic disorders were considered exclusion criteria. All subjects were evaluated using the Mini Mental State Examination (MMSE), validated for the Portuguese population by Guerreiro et al. (1994) . MMSE scores below the cut-off value for their educational level were also considered an exclusion criteria (no instruction Յ15; 1 to 11 years Յ22; more than 11 years Յ27). Psychopathological symptoms were rated using the Positive and Negative Syndrome Scale (PANSS), with a mean score of 15.2 Ϯ 7.4 on the Positive Scale, 21.4 Ϯ 7.5 on the Negative Scale, and 36.5 Ϯ 10.1 on the General Scale.
The control group was composed of 20 participants, 14 males and six females, with a mean age of 41.7 years (SD ϭ 11.7; range, 26 -65) and mean education level of 11.2 years (SD ϭ 3.4; range, 3-16). Exclusion criteria for the healthy control group (ruled out in an initial psychiatric interview) comprised any psychiatric Axis I disorder, any neurological or somatic disorder and current drug abuse, family history of psychotic illness, and any regular prescription medication.
The two groups were equivalent regarding age, t(38) Ͻ 1, education level, t(37.64) ϭ 1.23, p Ͼ .05, and gender, 2 (1) ϭ 2.133, p Ͼ .05.
The ethics committee of Centro Hospitalar Psiquiátrico de Coimbra approved the study, and all participants provided written informed consent.
Stimuli. A set of animations were used as stimuli. These depicted a black square (target) with heights of 30, 60, or 90 pixels moving at a constant speed of 150, 300, or 450 pixels/s over an otherwise white background. The direction of motion could be leftward or rightward for the horizontal motion task (centered vertically), and upward or downward (centered horizontally) for the vertical motion task. The motion of the squares was made so to cross the midcenter of the screen. The target's trajectory was always 300 pixels, and the vanishing position was kept at a constant distance of 300 pixels from the edge of the screen (it is known that the vanishing location on the screen but not the traveled distance influence RepMo's magnitude; De Sá Teixeira and Oliveira, 2011).
Procedure and design. Stimuli presentation, trial randomization, and response collection were performed with Super Lab 4, running on a personal computer equipped with a flat screen (15 in. and resolution of 1024 ϫ 768 pixels) located about 60 cm from participant's eyes (with no constraints of head or eye movements). Each trial was initiated with the presentation of a randomly selected video from the set of stimuli; as soon as the target vanished, participants were instructed to locate, as accurately as possible, the point on the screen were the target was last seen (referring to its geometrical center) by positioning a cross-shaped cursor (which appeared in the center of the screen) controllable with a mouse. Each animation was presented four times, thus amounting to 72 trials per task. The experiment followed a 2 (Task; blocked) ϫ 2 (Direction) ϫ 3 (Velocity) ϫ 3 (Size/Implied Mass) repeated measures design with the variable group (2) as a between-subjects factor.
Results
Horizontal motion task. M-Displacement. The arithmetic difference between the horizontal location on the screen indicated by the participants and the corresponding geometrical center of the target on the last frame of each animation was calculated. The resulting data, M-Displacement, was averaged across replications, with positive values signaling a displacement in the direction of motion. O-Displacement. The orthogonal component of the displacement was calculated by the arithmetic difference between the vertical coordinate of the participant's response and the corresponding position of the geometrical center of the target on the last frame of each animation, with negative numbers meaning a displacement downward. The obtained data were subjected to a mixed ANOVA with group as a between-subjects factor.
The statistical analysis revealed only a significant effect of direction, F(1, 38) ϭ 4.262, p ϭ .044, partial 2 ϭ .1, with leftward moving targets resulting in a bigger downward displacement. No difference between the groups was found. Both normal controls (M ϭ Ϫ6.975; 95% CI Ϫ9.725 to Ϫ4.225) and schizophrenia patients (M ϭ Ϫ6.975; 95% CI Ϫ10.114 to Ϫ4.614) alike systematically indicated a disappearance point displaced downward in relation to the horizontal trajectory of the target.
Vertical motion task. M-Displacement. Direction of motion, F(1, 38) ϭ 19.840, p Ͻ .001, partial 2 ϭ .33, and target's size, F(2, 76) ϭ 11.088, p Ͻ .001, partial 2 ϭ .22, both achieved the statistically significant level. Velocity was found to be nonsignificant, F(2, 72) Ͻ 1. Downward motion led to greater displacements as did bigger targets. Figure 3 depicts the displacement as a function of motion direction. It can be seen that both groups revealed a similar pattern. There was neither a main effect of group nor an interaction involving this variable.
O-Displacement.
As the O-Displacement for vertically moving targets is not aligned either with gravity or direction of motion, its interpretation is not clear and most studies do not report it. Still, for completeness, we found a significant effect of direction, F(1, 38) ϭ 6.612, p ϭ .014, 2 ϭ .15, with ascending targets leading to a slight rightward displacement and descending targets to a slight leftward displacement. This effect was found to decrease for faster targets, F(2, 76) ϭ 3.996, p ϭ .022, 2 ϭ .095. We surmise that these effects are probably a result of motor features in the use of a computer mouse. No other main effects or interactions were found, and no differences emerged between the groups.
Discussion
The obtained results seem to reveal a compromised processing of velocity for schizophrenia patients. In a striking contrast, variables thought to be related to the implicit cognitive representation of motion (e.g., Hubbard, 2005) , as implied mass and representational gravity seem preserved for this population, as compared with normal controls. Notice that both M and O displacements stand for errors of localization, as the participants are instructed to indicate, as precisely as possible, the location where the target vanished. In the case of schizophrenic group and for all velocity levels, M-Displacement was lower than the healthy group-consequently, schizophrenic patients were actually more accurate than normal controls. The null effect of velocity, in this context, means that the structure of these errors was not influenced by target's speed. Together with the fact that no other variable was found to differentially determine the displacements between the groups, these outcomes allow us to dismiss the hypothesis that the null effect of velocity for the schizophrenic group was a result of a different strategy, poor understanding, or difficulty in performing the task.
Velocity is among the variables known to unambiguously determine RepMo; an effect of each has been reported by several authors (Finke, Freyd, & Shyi, 1986; Freyd & Finke, 1985; Getzmann & Lewald, 2009; Hubbard, 1995; Hubbard & Bharucha, 1988; Kerzel, 2002; De Sá Teixeira, Oliveira, and Amorim, 2010 ; see also Hubbard, 2005 for a review). The only noteworthy exceptions were reported when constraining eye movements (e.g., Kerzel, 2000 Kerzel, , 2002 Kerzel, , 2003 Kerzel, Jordan, & Müsseler, 2001) .
Still, given that only three different velocities were used, one has to be cautious when generalizing this finding. It may happen that the effect of velocity, although reduced, is still observable for a wider range of velocities. With this in mind, a new experiment was planned to replicate this finding across a wider range of target's velocities.
Experiment 2 Method
Participants. A total of 32 new male volunteers participated in the study. Sixteen participants were diagnosed with Schizophrenia according to the same criteria adopted in Experiment 1 (Schizophrenia Group). Mean age of patients was 44.6 years (SD ϭ 9.9; range, 22-64), mean educational level (duration) was 8.3 years (SD ϭ 4.3; range, (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , and mean duration of illness was 17.4 years (SD ϭ 11.6; range, 3-40). Psychopathological Figure 3 . Effects of direction of motion for vertically moving targets in experiment 1 for both schizophrenia patients (white circles and dashed line) and normal controls (black circles and full line). The vertical bars represent the standard error of the means. symptoms were rated using the PANSS, with a mean score of 15.6 Ϯ 5.8 on the Positive Scale, 18.0 Ϯ 7.4 on the Negative Scale, and 34.9 Ϯ 9.2 on the General Scale. Sixteen participants with no psychiatric illness or with a family history of psychotic illness (assessed with a brief psychiatric interview) were recruited so that they matched the Schizophrenia Group in age (M ϭ 43.8; SD ϭ 4.6; range, 36 -51), t(30) Ͻ 1, and education level (M ϭ 10.4; SD ϭ 2.1; range, 7-12), t(30) ϭ 1.846, p Ͼ .05.
Stimuli. A set of new animations were used as stimuli. Similarly to the stimuli in Experiment 1, these depicted a black square (target) with height of 30 pixels moving at constant speeds of 60, 120, 180, 240, 300, 360, 420, 480, 540 , or 600 pixels/s. The direction of motion could be leftward or rightward. The target's trajectory was centered vertically on the screen, and it vanished after covering a total distance of 300 pixels (vanishing location at 300 pixels from the edge of the screen).
Procedure and design. The same general settings of Experiment 1 were used here. The experiment followed a 2 (Direction) ϫ 10 (Velocity) repeated-measures design with two replications (total of 40 trials) and the variable group (2) as a between-subjects factor.
Results
The M-Displacement for each trial was calculated as in Experiment 1. The resulting data were subjected to a mixed ANOVA with group as a between-subjects factor. Figure 4 shows the M-Displacement values as a function of target's velocity for both normal controls (full line) and patients (dashed line). It is possible to observe an increase in the forward displacement as a function of velocity for the normal controls. On the contrary, for the schizophrenia patients, no such relation emerged, with the displacement grossly constant (but positive and in the direction of motion) for the whole range of velocities.
In accordance with the visual inspection, the statistical analysis revealed a significant main effect of velocity, F(9, 270) ϭ 3.602, p Ͻ .001, partial 2 ϭ .11, as well as a significant interaction with group, F(9, 270) ϭ 3.713, p Ͻ .001, partial 2 ϭ .11. No other main effect or interaction was found.
The individual slopes of the function relating M-Displacement and target's velocity was gauged in an individual basis. The data thus obtained were subjected to an independent samples t test, which revealed a significant difference between the slopes of the normal controls (M ϭ .05; SD ϭ .04) and the schizophrenia participants (M ϭ Ϫ.001; SD ϭ .04), t(30) ϭ 2.982, p ϭ .006, two-tailed, d ϭ 1.275. Figure 5 shows the magnitude of the mean linear slope for each group. One-sample t tests revealed that the average of the slopes was significantly different from 0 for normal controls, t(15) ϭ 4.315, p ϭ .001, two-tailed, d ϭ 1.25, but not for the schizophrenia group, t(15) Ͻ 1. Finally, no correlation was found between the individual slopes and the PANSS positive, negative, or global scores, thus revealing that the null effect of velocity upon M-Displacement was not mediated by the severity of the symptoms.
Discussion
The obtained results strengthened the lack of an effect of velocity in RepMo for schizophrenia patients found in Experiment 1. Once again, notice that this null effect translates in more accurate responses, at least for velocities above 240/300 pixels per second. Given the individual based design, it was further possible to estimate the psychophysical function of velocity and M-Displacement for each participant. Systematically, and while normal controls revealed a proportional increase in M-Displacement with increases in target's velocity, schizophrenia patients revealed a null effect of this variable through its whole range. No evidence was found regarding the relation between these outcomes and the type and severity of the symptoms, as assessed with PANSS.
General Discussion
Through a set of two experiments, the present study disclosed a lack of an effect of target's velocity upon the magnitude of RepMo for schizophrenia patients. Conversely, no such null effects were found for other factors known to determine spatial mislocalizations, such as implied mass and gravity.
On the one hand, given the link between high-level representations of motion and this sort of dynamic-laden variables, one can conclude that while the cognitive apprehension of motion is preserved in patients with schizophrenia, the low-level processing of motion seems to be impaired. This conclusion adds to previous research on the perception of motion in schizophrenia. Furthermore, the present research supports a distinction between the variables that affect RepMo's magnitude. Namely, it suggests that the involvement of high-level and low-level processing structures may be contingent upon the dynamic or kinematic nature of the variables considered (De Sá Teixeira, Oliveira and Amorim, 2010) .
It is known that after the disappearance of a moving target smoothly tracked by an observer, the eyes drift in the direction of motion for about 300 to 500 ms (Mitrani & Dimitrov, 1987; Figure 4 . Psychophysical functions obtained in experiment 2 relating spatial mislocalization (M-Displacement) and target's velocity for both schizophrenia patients (white circles) and normal controls (black circles). The vertical bars depict the standard error of the means. Kerzel, 2000) . Although most RepMo studies do not monitor eye movements, it is fair to assume that, with no instructions otherwise, participants spontaneously track the stimuli. Thus, RepMo could be, at least partially, explained by an ocular overshoot. Following this reasoning, Kerzel conducted a series of experiments where RepMo was measured while constraining eye movements (Kerzel, 2000 (Kerzel, , 2002 Kerzel, Jordan & Müsseler, 2001 ). The main findings were that, with smooth moving targets, RepMo is null or reduced and that target's velocity does not bear an effect upon its magnitude. However, this pattern was found to be dependent upon the response modality. Namely, for motor localization responses, a positive RepMo is found even with eye movement constrains (Kerzel & Gegenfurtner, 2003; Ashida, 2004) .
Dysfunctional smooth pursuit eye movements (SPEM) in schizophrenia have been systematically reported (Diefendorf & Dodge, 1908; Holtzman, Proctor, & Hughes, 1973; Levy, Holzman, Matthysse, & Mendell, 1993; Levy, Lajonchere, Dorogusker, Lieberman, and Mendell, 2000; Clementz & Sweeney, 1990) . Although the underlying biology of this phenomenon remains unknown, there is general agreement on the main differences between the SPEM of schizophrenic and normal observers. In schizophrenia, there is evidence of a reduced SPEM velocity or gain and, accordingly, a higher frequency of catch-up saccades. This gives the SPEM in schizophrenic patients a fractured and disorganized appearance (Levy et al., 1993; Clementz & Sweeney, 1990; Iacono, 1988; Hutton & Kennard, 1998) . This dysfunction is present even during remission, and it cannot be attributed to lack of motivation, medication, or an inability to attend to the task (Iacono, 1988; Macavoy & Bruce, 1995; Stuve et al., 1997) . Additional research attempted, by the analysis of coherent global motion (Wertheim, Van Gelder, Peselov, and Cohen, 1985; Stuve et al., 1997; Chen, Levy, Nakayama, Matthysse, Palafox, and Holtzman, 1999; Chen, Nakayama, Lavy, Matthysse, and Holzman, 2003) , the discrimination of velocity differences between two gratings , and the contrast sensitivity of spatial frequency gratings in visual motion (Slaghuis, 1998) , to establish a relationship between pursuit eye movements and motion processing. However, the question remains whether deficits in motion processing are primary or secondary to eye tracking abnormalities.
As it stands, a case can be made wherein the lack of an effect of velocity upon RepMo in schizophrenia is rooted on the SPEM deficits. If this hypothesis holds, a standard RepMo task may be instrumental in the assessment of SPEM deficits in schizophrenia, the main advantage being the ease (virtually any personal computer can be used) and affordability of such measure, as contrasted with the apparatus required for tracking eye movements. These considerations certainly deserve a close inspection in future research.
